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INTRODUCTION
Claude Bernard, the father of modern physiology,
once said.

11

It is the fixity of the ':n111eu interieur'

which is the condition of free and independent life"
_ and

II

all the vital mechanisms, however varied they may

be, have only one object, that of preserving constant
the conditions of life in the internal environ. 11

That

these words were not idly spoken becomes apparent
when the role that water plays in life is investigated.
It is undoubtedly true that living cells first
made their a1pearance in an aqueous medium�
J.

Although

the higher animals seem to�relatively independent.

of water, it has been demonstrated that each living
cell composing that organism is bathed by body fluids.
These fluids are v.ery similar in chemical structure to
sea water, when corrections are made for the progressiv_e
increase in concentration of the sea since the dawn of
life.

(Macallum, 1926)
Mechanisms that maintain a constant composition

of body fluids is of vital importance.

A healthy·

person 1s not concerned with his state of hydration.
Automatic and natural mechanisms ordinarily insure,him
adequate control of such factors.
person is less fortunate.

However, an ill

The inability or lack of
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desire to eat and drink may cause his water reserves
to become depleted.

Fever may cause dehydration as

a result of increased evaporation of bo4y surfaces.
T0x1ns alter the distribution of body water.

Diarrhea

and vomiting very rapidly deplete the water reserves.
The maintenance of normal hydration is, then, an import
ant factor in disease processes.
Dehydration causes a syndrome that is typical
and easily recogn.1,zed.

Within the past few decades

investigators have found· that many of the symptoms
accompanying disease are due to an altered water bal
ance.

Previous to these contributions the true disease

picture was not fully understood, and therapy did not
include the control of body hydration.
T he symptoms of dehydration are now familiar to
most medical men, and mea�ures to combat'the condition.
p
,,
are not derived the patient. Therapy is usually simple
and effective.
This treatise will treat in a more or less detailed
manner the problem of dehydration.

It is hoped that

the discussion will cause the reader to become more
conscious of the role that water metabolism plays in
disease processes.
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DEFINITION
Dehydration is the term commonly applied to a
deficiency of water and electrolyte in the body.

In

the strictest sense this word implies a loss of water

alone, anq therefore does not adequately describe the
situation.

However, common usage has given it the

broader meaning.
Anhydremia is not infrequently used instead of
dehydration.

This term means a decrease in the fluid

content of the blood.

Such a change occurs in dehy�

dration, but it can also occur in shock and related
phenomena.

dehydration.

Anhydremia, then, is not a synonym of

Mandelbaum {1936) had developed a more elaborate

title.

He speaks of the s·yndrome of hemoconcentration.

This term gives one the impression that a series of

related changes are occuring, one of the more important

of which is anhydremia.

As far as descriptive value is

concerned, Mandelbaum's terminology is excellent.
C�llis (1935) substitutes the term medicol shock
for dehydration.

A marked deficiency of body fluids

causes a shock like syndrome to develop, so it is not
incorrect to use the term.
accepted i.t.

Common usage has not

The best term is dehydration.
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HISTORY
Perhaps the first account of an interest in water
metabolism is found in the writings of Hippocrates.
This immortal Greek physician was born in 460 B.C.
He taught the humeral theory of disease, which stated
that improper proportions of the four body humors,
blood, phlegm, yellow bile and black bile, constituted
disease.

He also described ·the "wet brain" of epil�psy

and advocated "dry"· therapy.
Celsus, a Roman physician and writer who lived
about 25 A.D., also made some observations concerning
the role of water in body functions.

In the book,

De MedicinaE, the only part of his writing that was
preserved, he says in a discussion on dropsy, "Nor
is it improper to measure both the drink and the urine;
for if more fluid is e�creted than taken, so at length
there is hope of good health."

A quotation from De

Medicina also states that Asclepiades, a Bithynian
physician, 128 to 56 B.C., instituted abstinence of
water in malaria patients that developed dropsy.
Araeteas, the Cappadocian, noted disturbances in
the urinary out,ut in diabetes.

He says of it;

rr,Diabetes is a wonderful affection, not very frequent
among men, and being a melting down of the flesh into
urine.11
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It was not until Sancterius, who was born in the
year 1561 and was professor of medicine at Padua, that
comprehensive studies in water metabolism were made.
He used the thermometer and balance in the study of
physiology.

In 1614 he published a book, De Statica

Medici�a Apkorismorum, in which h� reviewed his ex
periments.

He,found that by noting the weight .of food

and water intake, and excretion of feces and u�ine that
the body lost water through the skin andlungs.

These

experiments were conducted upon himself.
No further progress was made until 1850, when exact
studies on metabolism and water balance were begun.
Since that �1me 1mpor;ant facts concerning metabolism
h�ve been learned,· but water metabolism has been neg

lected somewhat.

As a result there is much to be

desired before a ·real understanding of the problem can
become available.
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NORMAL WATER BAIANCE
By water balance is meant·that state of hydration
of body tissues which is present at any given time.
Water and electrolytes are taken into the body and also
discharged from it.

Mechanisms within the healthy

body govern these processes and in this way m�inta1n
a state of normal hydration.
There are four main sources of supply.

consists of fluids ta.ken by mouth.

The first

Atwater and

Benedict (1903) state that the average amount of fluid

drunk in twenty four hours is one and one half to two
liters.

The amount is controlled by the sensation of

thirst, thus it varies with the need.

Thirst according to Carmen (1917) results from

the stimulation of sensory nerve endings by the dryfng
of the pbavryngeacl mucous membrane.

Ro�mttree and

associates (1922) think that an increase in the osmotic

pressure of the blood is the cause of thirst.

Gilman

(1937) suggests that cell dehydration is the principle

factor involved.

It is possible that more than one

mechanism is at work.

Current opinion tends to favor

Gilman's theory.

One does not ordinarily consider solid food as

being an important source of water.

It is, however
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very important.

The average diet furnishes from one

to· one and a half liters of water daily, about 12 cubic
centimeters per one hu.ndred calories.

Meats are about

50 per cent and vegetables 75 per cent water (Bechtold,
1938).
The water in solid food is of two types.
water of solution.

One is

It can be removed by dehydration.

The other is water of oxidation.

This type of water is

produced by the combination of hydrogen in food with
oxygen.

About 500 cubic centimeters are liberated from

food in this way daily.

The complete oxidain of one

hundred calories of fat produces 11.5 cc of water.
A similar amount of glucid produces 13.8 cc of water,
f�, .. t /I?

and-'10.3 cc of water (McQuarrie, 1933)..
_
In case of deficient intake the oxidation of-body
•tis�ues produces water in a manner.similar to that for
ingested food.

Adolph (1933) summarizes the role of

water in food metabolism.
Grams of Water Needed for the Complete
Metabolism of 100 Grams of Some Foods
FO 0 d Preformed Gained by Lost by Lost oy .i:;xcret- Der?-cit
Water
Oxidation Heat
in'1:. End Products
protein
0
10.3
60
300
350
starch
0
0
60
46
13.9
0
fat
0
60
11.9
milk
127
123
60
12.5
43
bread
13.2
102
14
60
69
-48
. 13.9
�pples
150
60
56

.,i
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This chart clearly shows that. while various foods
supply important amounts of water, this amount is in
sufficient for their complete metabolism.
the greatest offender in this respect.

Protein is

One would,

then avoid a high protein diet in dehydrated patients.
There are various ways by which the fluid reserves
of the body-are diss�pated. The control of body temper
ature by the evaporation of water from its surface is
.one such way.

Since ordinarily the water being ev

apora.ted is invisible this is called insensibl e water
loss.

The Evaporation takes place from lung surfaces

as well as the skin.

Wiley and Newborgh (1931) found

that about 1000 to 1500 cc of fluid are lost by these
r�utes daily •. Contarew (1939) believes the amount to
be somewhat lover.

He found the insensible loss to be

from 350 to 700 cc daily.

Benedict and Carpenter,(1910)

state that the pulmonary frac�ion is approximately 300
cc under basal conditions.

This amount will increase

substantially wit,h an increase in respiratory exchange.
Insensible water loss occurs in people with congenitally
absent sweat glands, so the sweating mechanism is not
a primary factor.
Sweating is the appearance of visible �ater
droplets uoon the skin.

It is a weak soline solution

that contains small amounts of urea.

The stimulµs that
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initiates sweating is usually a rise in blood temper
ature.

The amount per day may vary from none at all to

as much as a liter per hour (Barbour, 1921).

Profuse

sweating causes an increase in its salt content, so it
may deplete the body electrolytes.

Adolph (1923)

points out that the amount of sweat is proportional to
the effective temperature above 32° c.
The excretion of urine is a continual drain upon
the fluid reserves of the body.

Shoal (1939) states

that the urinary output is directly proportional to the
fluid intake in a normal individual, and inversely
proportional to the insensible water loss.

The kidneys,

then use the water remaining after the needs of temper�
ature regulation have been supplied.

Gray (f938) determined that the daily excretion

of solid wastes by the kidneys amounted to approximately
35 grams daily • . The kidney is so constructed that it
concentrates these solids to a specific gravity of
1.015 to 1.025.
1500 cc daily.

The urine volume is therefore about
When the kidney concentrates to its

maximum extent, 15 grams of water are required for each
gram of solid excreted.

The urine volume is then about

500 cc.

The excretion of feces causes a water loss of from

60 to 150 cc per day (Coller and Maddock, 1932).
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Ordinarily this amount is so unimportant that it is not
considered in calculating the required fluid intake.
However, some disease processes, cholera for instance,
may cause liters of fluid to be lost by this route
in a matter of hours.
Water composes about 70 per cent of the body by
weight.

It is located in two large compartments, the

intracellular space and the extracellular space.

The

former constitutes approximately 50 per cent of the body
weight or about 70 per cent of body fluid.

The later

is about 20 per cent of the body weight and 30 per cent
of the body. water (Darrow, 1940). These two compart
ments are separated by a thin semipermeable membrane,
the cell wall.
The extracellular fluid space is further differ
entiated into intravascular and extravascular spaces.
The latter is frequently _called the interstitial
space.

Gamble (1929) states that interstitial fluid

constitutes about 15 oer cent of the body weight, or
about three fourths of the extracellular fluid •. The
1ntravascular fluid composes 5 per cent of the body
weight.
A thin semipermeable membrane one cell layer thick
separates the intravascular fluid from the interstitial
fluid.

This membrane is the capillary wall.

By way
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of the semipermeable membranes, the cell wall and the
capillary wall, the three fluid compartments commun
icate with each other.

A distur bance of the osmotic

state 1n any of the compartments causes a shift of water
until equilibrium 1s again reached.

That these

equilibria are rather complex is evident when one
realizes that the walls of the various compartments
are not rigid, and that there is always a

changing

osmotic relat1onsh1p·as long as life exists.

Gamble (1929) has prepared a chart that quite

clearly demonstrates the relationship of the various
fluid compartments.

Marriot (1923) desiceated various tissue specimens
to determine their water content. •· He demonstrated
that skeletal muscle is the greatest fluid reservoir
in the body. .This t1ssue comp-rises approximately 42
per cent of the body weight.

The skin contains about

20 per cent of the body water and the blood about 6.5
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per cent of the body water.

Fatty tissue, heart muscle,

ner{�ous tissue and bone contain relatively small amounts
of fluid.

He also pointed out that 4 grams of water

are loosely bound with each gran-of glucid or protein
in the tissues, and 0.2 grams of water per gram of fat.
Th�s is called preformed water and is liberated with the
water of oxidation when the tissues are metabolized.
Conversely, formation of new tissues immobilizes -a
corresponding amount of water.

The growth process is

therefore largely an imbibition of water.
Desiccation tests by Shohl (1939) showed the
water content of various tissues to be as follows:

McQuarrie (1933) points to the fact that there
is � considerable variation in the water content of
tissues at various ages.

He found human embryos at

6 weeks of age to be 97.5 per cent water.

At term

the water content had been reduced to about 72 per cent.
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His calculation for the total adult fluid content waa
from 58 to 65 per cent.

Therefore infants contain about
The control of

10 per cen� more water than adults.

hydration is poorly developed, so dehydration in infants
and small children can be very rapid and severe.
There is a slowly 9rogressive decrease in water content
of the tissues from adulthood into old age.
This same investigator has established another
important fact concerning body water.

Contrary to

previous opinion, he showed that all but a very small
amount of body water exi'sts in the free state.

That is,

it can function as a solvent, be an interactamt in
chemical changes, help regulate temperature, and can
be removed by ultra-filtration.

The remainder, 1Lbound 11

water, 1s held in loose chemical combination in the
tissues, em as colloid�l hydrates.

Balchor (1919)

explains that there is an equilibrium between free
and "bound", water. Ordinarily this relationship is
unimportant. However, in various toxic conditions the
colloidal systems become "poisoned" and immobilize
large amounts of free water.

Anhydremia then exists

even though no fluid loss has occurred.
Body water. does not exist as a pure substance,
but contains· various chemical constituents.

This

chemical structure is made up of definite kinds' and
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quantities of inorganic ions and organic compounds.
The structure must remain relatively constant in order
that the osmotic pressure and water distribution remain
unaltered.
Although all the body fluids are isntonic with each
other, there. is some qualitative variation in thei·r
chemical pattern to enable certain specific function�
to be performed.

That these factors are of funda

mental consequence to the organism is attested by a
statement once made by Sbohl ( 1939).

He said, "The

chemical structure of fluids determines and limits
the function of the body. 11
Ttie three main fluid compartments have a chemical
structure peculiar. t-0 themselves, and certain specific
(unctions are therefore made possible.

There are

essentially only three substances that account for
this variation in structure.

They are sodium,

potassium and protein (Darrow and Yannet, 1935).
Sodium is found in a relatively high concentration
in all extracellular fluid, and goes to make up almost
the entire basic part of the chemical structure.

It

is the predomin•nt factor in determining the os�otic
pressure of this fluid.

It is almost all ionized •.

The acid part of the chemical structure is largely
chloride, but bicarbonate is also present in varying

15

concentratiGns.

The potassium and phosphate content

ls low (Gamble, 1937).
The situation ls reversed in cells.

In intra

cellular fluid potassium composes the entire basic
part of the chemical structure, and phosphate a large
part of the acid components.
exeept in enythrocytes.

No chloride is present,

The mechanism that causes this

differential distributi0n of basic ions is based on
selective permeability of the cell membrane.

Winkler

and Smith (1938) obtained evidence that it is t ·e sodium

ion which cannot pass through the cell wall.
The only factor that differentiates intravascular
from interstitial fluid is· 1 ts relatively high
concentration of protein.

There are much smaller

amounts of protein in interstitial fluid.

Cracke

and Parker (1940) state that plasma protein is normally

between 6 and 8 grams per cent.

The differential

concentration of protein between intravascular and
intracellular fluid is an important factor in maintaining
a constant blood volume (Erlanger, 1921).
There are numerous other substances in small
concentrations in the body fluids.

Some of the more

important are glucose, cholesterol, leci�hin, urea,
creatinine, antibodies, and lipids.
Gamble (1929) has compiled a chart that shows
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the chemical structure of the three fluid compartments.
It is shown below !

There are some facts about the chemical structure ot

water that may be of biological i�portance.

A study of the

physicial properties of this substance has revealed
,

,...

�hat it does not exist as H20 except in the form of
steam.

l

Lower temperatures cause. polymarization to

take place.

Liquid water is composed of a mixture of

(H2 o) 2 and (H20)3 while ice is a mixture of (H 20) 2
and (H2 c)4. The hydrem:.ium ion is the only chemically
active state.

The exact role of the various types of

�ater molecules in the body is not known, but they are
alleged to be of biological significance (Armstrong,

1923)

Shohl (1939) once said, "Water metabolism may
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be regarded as the master component of the living body,
not only because of its preponderance among the body
constituents, but es:)ecially because of its role in
body functions."

Henderson (1913) states· that water

is the only suitable medium of life.

Water has a multiplicity of functions.

It is a

"universal" solvent which makes it an ideal medium
in which to transport materials.

Electrolytes readily

ionize when taken into solution.

This phemonenon is

of considerable importance in the control of osmotic
pressure and acid-base balance, plays a part in secret
ion and excretion and makes possible many other functions.
The high dielectric constant makes it a good insulator.

The high surface tension has a function in

adsorptive phemonema and enzyme activity.

The high

specific heat causes it to be an excellent temper- ature stabilizer and heat transporter. Water is a
building material for growth.

And, most important of

all, "all the chemical reactions of the body take
place in a water medium in which other substances are
either dissolved or emulsified 11 (Shohl, 1939).

Interstitial fluid has no special function other

than a reservoir to buffer changes in the circulating
blood volume.

Landis (1930) has decided that there

are four main factors concerned in the equilibrium
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between the interstitial and intravaseular flu1ds •
They are,
1.

hydrastatic pressure of the blood

2.

osmotic pressure of plasma

·3.

tur.gor pressure of tissues about the capillaries

4.

osmotic pressure of tissue cells

These factors are instrumental in maintaining a
constant circulating blood volume at the expense of
the interstitial fluid.
Interstitial fluid also serves as a bridge between
the blood stream and the tissue cell.

Necessary raw

materials pass from the blood stream to the cell by a
process of diffusion and in this way supply the met
abolic needs of tissues.

Metabolic products pass from

the tissues to the blood stream in a similar manner.
The part that intravascular fluid plays in body
a·
economy is varied and complicated. Meallum.{1926)

"

points out that it is a substitute for the diffusion
process that nourished the cells of simple organisms
and carried away their wastes.
transporting system in the body.

It then is the great

Gray (1938) states

that the kidney excretes 35 grams of solids daily.
This material is transported to the kidney by the blood.
The respiratory mechanism and the absorption of food
is also made possible by a circulating fluid •
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Intravascular fluid is the source of all· the
glandular secretions of the body.

Melnick (1937) and

Gamble (1929) found the various body secretions to have
a chemical structure not unlike that of extracellular
fluid.

Slight modifications occur to adopt the secretion

to some specific function.

These secretions are is

otanic to extracellular fluid.

Melnick (1937) pre

sented in chart f�rm the relationship of the chemical
structure of the more important secretions to that of
blood.

His chart is presented below.

A knowledge of the composition of these secretions
is important in determining the effect of their loss
from the body.

It must be noted that some contain

large amounts of basic constituents while others are acid.
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An understanding of the volume of exchange that
occurs in secretion is just as important, or even more
important than a knowledge of the chemical composition.
This is especially true of the gastrointestinal tract.
One need not concern himself with such matters during a
state of health.

Various disease processes, however,

may seriously disturb the "gastrointestinal circulation",
and rapidly cause a dissipation of the body's fluid
constituents.

A presentation of the various secretory

volum�s in chart form will emphasize the difficulty
one might expect in case considerable portions· of the
product were lost from the body.
Rate of Turnover by Varic.us Organs in a
70 Kilogram Man in Cubic Centimeters per
24 Hours (Adolph 1933).
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Contarow (1939) compiled a similar set of figures.

He also stressed the fact that all of -a:E this fluid

and its contained chemical structure is derived directly
from the blood stream.

Rowntree and Brown (1929) have

determined the blood volume to be 1/11 of the total
body weight.

Only about 1/2 of this is fluid, the

rest being cells.

Therefore a 70 kg. Man would have

a plasma volume of approximately 3,500 cc •. The
interstitial fluid volume for such a man is about 10,000
cc.

Examination of these figures makes it very obvious
that the loss of all or a part of the gastrointestinal
secretions would be disasterous.

Even the secretion

were the process not regulated.

Ordinarily the glands

of so much fluid alone would cause profound dehydration
are not all secreting at the same time, and absorption

back into the blood stream is occuring during the process

.

'

of secretion.

This cyclic movement of fluid between

the blood and gast.rolntestinal t�act is sometimes spoken

of as the "gastrointestinal circulation''.

In case Any of the gastrointestinal secretions
are lost from the body, there is not only a dep+etion

of fluid, but the chemical components of the secretions
are dissipated a� well.

Mandelbaum (1936) emphasizes

the fact that the physicochemieal disturbances arising
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from such a state of affairs is of very serious
consequence.

There are two main conditions that

generally occur.

The first is a change in the reaction

of the blood due to the loss of relatively large
amounts of sodium or chloride.
then exists.

Acidosis or alkalosis

The other condition is the loss of base

and a resultant shrinking of the chemical structure of
the tissue fluids.

The body, then, cannot be re

hydrated until this deficit is replaced.
Rubner (1890) states that as heat production
rises beyond the normal l�vel,·heat elimination by
radiation, conduction and evaporation increase pro
portionately.

The evappration of water from body

surfaces dissipates moat of the

excess heat.

According to Barbour (1921) heat is produced in
the body as a result of chemical reactions in the
tissues and the ingestion of warmed materials.

Heat

in excess of normal body temperature is dissipated in
one of the following ways:
1.

radiation, conduction, and convection

2.

evaporation of water from the lungs and skin

3.

raising the inspired air to body temperature

4.
5.

liberation of carbon dioxide from the blood
in the lungs
urine and feces
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.

I

Over 90 per cent of the heat lost occurs through

one and two.

The total dally heat loss ls ordinarily

about 3,0CO calories. Evaporation from the skin accounts
for 14.5 per cent of this total 0435 calories) and
evaporation from the lungs 8.0 per cent of the total
(240 calories).

The eva:xration, from the skin is in

dependent of sweating and occurs even in the absence
of sweat glands.

When the immediate environment reaches a temper
ature similar to the body temperature, heat loss by
radiation and convection ceases. However, insensible

water loss from skin and lungs continues to dissipate
the excess heat.

The efficiency of this process is

inversely proportional to the relative humidity.

A

man can maintain a normal temperature in an atmosphere

of 240° F providing the air 1 s dry and his water balanc.e

maintained at a functional level.

On the other hand,

an atmosphere of 120° F, if saturated with water vapor,
will cause a rapid rise in body temperature.

Sweat is the visible accumulation of water upon
the skin.

It is a weak sodium chloride solution and

is effective in-controlling temperature only proportional
tQ its per centage evaporation. Profuse sweating re
sults in a considerable increase in salt and n on-protein
nitrogen concentration, and may cause serious depletion
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of the boa,: ,s salt reserves.
Sweating is usually controlled by the blood tem
perature which exerts its effect in two ways.

One is

the stimulation of the sympathetic nervous system and
the other is the stimulation of heat re�tors in the
skin.

The for�er is the more important.

Psychic

reactions may also initiate sweating.
The osmotic pressure and distribution of body
fluids is determined by the chemical structure of the
various fluids.

Starling (1896) first clearly described

the mechanisms involved in the mainter1ance of normal
fluid distribution.

This early investigator pointed

out that the first essential selective fluid distri
bution was a semipermeable membrane.

This membrane

in the body is the capillary wall and the c·e1;i.
membrane.

The former is permeable to water and salts

but not .Protein.

The prote�n is f.ound in the blood

stream, and working against bydrastati� pressure of

the blood, controls the blood volume •. Since protein is

the only substance impermeable to this membrane, the
interstitial fluid and blood plasma are almost identical
in composition, except for their protein content.
Darrow and Yannet ( 19.35) then emphasize the fact
that it is the concentration qf sodium in the extra
cellular fluid which controlls cellular hydration,
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,

,.A rise in extracellular sodium concentration, either
directly or indirectly, will cause water to move from
the cells.

The reverse effect occurs in case the sodium

concentration is lowered.

It is sodium, then, that

determines the magnitude of the chemical moid of body
fluids and the state of hydration.
These authors continue their discussion by stating
that one of the functions of the kidney is to keep
the sodium concentration or the blood at a constant
normal level.

As a result this function, along with

the water: and salt intake, keep the osmo,tic pressure
of the various body fluids very constant, and i-n -this
way carefully control the degree of hydration and the
distribution of body water.

If this were not so, the

internal environment of the body would be variable
and life could not be maintained.

Adolph (1933) lists some other functions of body

water.

These include a role in muscle contraction,

glanular secretion, lubrication and protection of organs,
supjart (the eye), transmission of force (the ear),
selvent (taste and smell), supplies all materials to
tissue cells and carries away all products of metabolism,
and also controls cell tur.gor and skin elasticity.

It

is also the m�dium in which all the chemical reactions
that constitute digestion and metabolism takes place.
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MECHANISM OF NORMAL HYDRATION
The role which water plays in the body has been
discussed.

It might be appropriate now �o outline the

mechanism by which normal hydration· is maintained.
Some of the principles have already been described,
but it will do no harm to repeat them and relate them
to associated mechanisms.
First let us discuss the way that water gains
entrance to the body.

Goldschmidt (1921)

reported

that food supplies most of the body's water.

He

pointed out that it ts very dffficult to maintain
normal water balance on a starvation diet.

Unless

parentfteral adminstration of water is employed.
He also pointed out that absorption is negligible
through the skin.or in the stomach.

Cannon (1904)

states that· ingested fluids are discharged from the
stomach almost immediately, while it takes from three
to four and one half hours for an ordinary mixed meal
to be evacuated.
proteins and fats.

The emytying time is largest for
It is therefore apparent that the

time that elapsing before ingested water becomes
available to the organism varies from a few minutes
to hours.

Goldschmidt (1921) also finds that most of the

absorbtion takes place in the upper part of the small
intestine.

The colon has some absorpti�e power.
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Intestinal material of low specific gravity is absorbed
· most rapidly.

In case the material is hypert�nic, it

is diluted with intestinal juices before being' absorbed.
Moon (1940) noted that absorption of fluids, food and
drugs were greatly retarded in patients suffering from

secondary shock.
Foster (1873) was the first man to realize that
food and fluids in the gast�ointestinal tract were
first made into approximately or isatonic solution before
being absorbed.

The solution is then absorbed into

the blood stream and the fluids and minerals diffuse
through capillary walls into the interstitial spaces
or stored in organs.

Larson and FG.ca (1921) consider

the liver to be a temporary storage place for water.
They state that the sympathetic ·nervous system reflexely constricts the h�potic veins �nd causes the

stored water to be gradually discharged into the
lymphatic system.
discovery.

Mautner (1928) has made this same

Engels (1904) states that water is primarily

stored in the skin, sube��taneeus tissues and muscles.
There are several factors controlling the
volumn of water in the body.

Shohl.(1939) reports

that the posterior pituitary secretes an antidillt'E�t1ci
substance tnat is supposed to control the volumn of
interstitial fluid by regulating water lost through
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the kidney.

He also states that the activity of the

thyroids, p�rathy�oids and spleen are supposed to
l ?wer body water levels.
by preventing ketosis.

The insulin saves body water

And a hormone 11 berated by

cortex of the adrenal glands helps control· the rate at
which the kidney excretes sodium, potassium and water.
Gamble (1937) clearly outlines the rate of the kidney
in water metabolism.

The kidney is charged with the

responsibility of maintaining the concentration of
sodium in the extracellular fluid within a physiological range.

Upon this ion rests the maint-&1-nance

of osmotic pressure and water distribution.

In case

there is an abnormal loss of base the kidney excretes
water to adJust the osmotic pressure of the extra
cellular fluid.

Ingestion o� excess sodium results

in its excretion in the urine.

The kidney does its

utmost to maintain a.normal sodium concentration,
even if it results in a change in reaction of body
fluids.

This conservation of base is effected by making

the urine acid (phosphate buffer mechanism) and by
excreting ammonia.

.The change in c.oncentration of

chloride is le·ss important, because that part of the
chemical mold it doesn't occupy will be filled by
bicarbonate.

In summary, then, it might be said th�t

'
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the kidney maintains proper dimensions on the basic
side of the chemical structure in body fluids, and
the lungs adjusts the acid side proportionately by
·controlling the bicarbonate concentration.

Gamble (1937) also shows how intimately body

hydration and the reaction of body fluids is associated.
According to him sodium is the pasic factor in the
mechanism.

The key buffe,:{system in the body is the

carbonic acid-bicarbonate ratio.

This ratio is··l

to 20 at a ph of 7.4 (normal blood pH).

Since· there

are 3 volumes per cent carbonic acid in plasma, the
ratio is actually 3 to 60.

The carbonic acid level

1s controlled by the lungs, and is seldom the seat of
difficulty.

The blood bicarbonate is bound with sod

ium and is called the alkali reserve.

When an excess

of acid radicals then combine with sodium and appear
in this form

in the�lomerular filtrate.

The kidney,

as previously described, can s9:ve certain amounts of
base.

However, if the alkali �eserve is used up, there

will be a relative excess of acid radicals to basic
radicals.

A condition of acidosis then exists.

Since

the dimensions.of the chemical mold has also been de
creased, the kidney will excrete wa�er to keep body
fluids isotonic.

Dehydration therefore results.

In case sodium concentration\ts above normal there

30

will also be an excess of bicarbonate and a state
of aikalosis will then exist because the carbonic
acid-bicarbonate ration will have been increased.

The function of this ratio in �eterming the reaction
of a buffer system is 1xpressed ·mathematically by
the Henderson-Hasselback equation.
1s as follows:

This equation

f saltr log
acid
There are numerous buffer systems in the blood,
pH■ pK +

but the one just described is the key one.

The

others adjust themselves in the same direction and to
the same degree that the carbonic acid-bicarbonate
systems do.

i.:)ince sodium concentration beyond that

combined with chloride determines the bicarbonate

concentration, sodium chloride is the prime factor in
the whole buffer system of the body fluids.
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A DISCUSSION OF CAPILLARIES
As evidenced by the discussion this far, the
capillary is an important structure in water meta
bolism.

Subsequent material will also have a rather

intimate relationship with it. For these reasons, a
brief discussion of capillaries will be of value.
Mofln (1937) says, "Capillaries are 'an organ'
whose function it is to accomplis� the interchange of
substance between the individual calls and the blood,
the elimination of waste products 'in the lun:s, kid
neys and gastrointe·stinal mucosa, and the r�adiation
of excess heat."

He states that the capillary distrib

ution is so extensive that there are one or more
capillaries in close association with each cell.
·.i:he surface are�1n the capillary sy�tem ·is so great
that 0ne cubic centimeter of blood is spread over an
area of.5,000 to 7,000 aquare centimeters (4 to 5
square feet).

Landis (1937)'est1mates the total

capillary surface in man to be approximately 68,000
square feet.
It is a common error to greatly underestimate the
capacity of t_he vascular system.

The bl•.-od volume is

commonly estimated at about 6 to 7 liters.

Moon (1938)

found that the capillary system of muscles alone, if
dilated to a diameter of 8 microns, has a capacity of
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5 liters.

There are also large capillary systems tn

t ehe skin and viscera.

Ordinarily in resting tissue

only 1/20 to _1/40 of the total number of capillaries
are patent.

One can readily see why the circulatory

volume of blood would drop tremendously, in case a
large capillary system 1s paralyzed.

Landis (1937) makes another startl inrstatement.

He states that the capillary wall is more permeable
than the cell wall.

He al�o says that if man's endo

t'ielium is as permeable as that in the frog, ·all his

blood serum (about 3,500 cub�c centimeters) could
be filtered in ten seconds.

This is ordinarily prevented

by the pressure of blood colleids and the vasomotor

system which allows only a small number of capillary
surface to be available

at any one time.

M6on (1938) reports that the total arterial blood

suooly is governed by the vasomotor system, but that

capillary activity supplies the individual cells.

Jndividual cap1llaries have tonus and contracti't)llity
independent if neighboring capillaries and arterioles.

This function is due to the presence of contracti�e·
louget cells, or is perl:i,aps a property of endothelium

itself.

It is probably ind�pendent of innervation,

the hydrogen ion concentration undoubtedly being the
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major controlling factor.
observations.

Krog {1929) has made similar

The filtration mechanism as regards

capillaries will now be reviewed., Landis (1937)

states that there is no aporeciable drop in blood
pressure in the arteries, but that there is a marked
fall in the arterioles, and a further drop in the
arteriolar part. of the capillary.

The following

approximate relationships occur in the various cap
illary pressures:
1.
2�

arteriolar capillary pressure------------30 mm.Hg

blood ·ancotic pressure.-------------------25 mm.Hg

3.

veneus capillary pressure-----------.,;.----17 mm.Hg

4.

interstitial fluid oncotic pressure------10 mm.Hg

5.

interstitial fluid hydrostatic pressure-- 8 mm.Hg

It will be seen, than that there is a force of
7 mm of mercury driving fluid and salts out of the
arteriolar part .of t•--:e capillary and a -force of about
6 mm Hg pulling·fluids and salts into the capillary.

It is seen, then, that this mechanism makes possible
-an exchange of fluids and molecular and systems
between the blood and interstitial spaces without
disturbing the volume of either.
maintained in this way.

All nutrition is

Anything interfering with

this delicately balanced mechanism results in an
insult to the tissue cells.
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FACTORS RESULTING IN DEHYDRATION
Another detailed description of normal water
metabolism and its various ramifications has been pre
sented.

The remainder of this paper will be devoted t.o

an investigation of the causes, effects and management
of d.ehydrat'ion.
There are a number of ways in which dehydration
may be caused.

One very common mechanism is simply

a deficient intake of food and fluids.

Galler and

Maddock (1935) observed that sick patients very fre
quently cannot take enough fluids orally to.meet the
requirements of normal metabolism.

Even attack s of the

"common cold11 cause one to be disinclined to either
eat or drink.

Brautisch and Marrion (1929) found that

it is not enough to drink water alone because it is
all lost in the urine during the course of a few hours.
It ·also increases the insensible loss of water.

Such

a reaction promotes dehydration rather than counter
acting it.

Baird and Haldane (1922) noted that the

addition of sodium caused the water to be retained for
a day or more.

The amount of water and salt retained

in t·r,is way is that proportion of each that will make
an isotanic solution.

Mc Clendon (1931) pointed to

the fact that solid food contains water, and aids in
the retention of water.

An�orexia for any reason
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then, would decrease the fluid intake and water re
tention. Any organic condition that prevents the
ingestion of food and fluids, causes the loss of the
desire to eat or drink, or prevented absorption would
cause·dehydration with varying degrees of rapidity.
Wech�ler, (1941) describes several psychic factors
that have such an effect.

The most common one hysterical

arerexia, dysphogia or vomiting, or caµiatose states.
Feeding problems in children also cause deficient
intake.

It is not uncommon for healthy people to suffer

from chronic mild dehydration.
true of women�

This is especially

The usual cause is a habit pattern

that causes one to ignore the sensation of. thirst, or
it may simply be a result of laziness and neglect
(Smith, 1942).

Smith believes that this factor is the

etiological agent for numerous vague symptoms of tired
ness, irritability and constipation.
In sick patients the probl�m of proper management
of water balance is the responsibility of the attending
physician.

He should see to it that either the patient

actually takes sufficient fluids, or else that the
nurse in charge assumes the responsibility. An accurate
record of intake and output should be kept.
Fluid loss from the gastrointestinal tract can
probably cause a more rapid depletion of fluid and
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el_ectrolyte than any other route. The surprisingly large
volume of secretion produced by the gastrointestinal
mucosa has been discussed. For the sake of emphysis it
might be well to repeat that this amounts to from 7 to
10 l!:ters in a 24 hour period. Therefore, anything that
would cause the failure to reabsorb all or a part of this
fluid would rapidly depleat the body's reserves.

Smith (1942) lists four mechanisms that cause

fluid loss from the gastrointestinal tract. These are
vomiting, diarrhea, fistulae and decreased absorption.
Some of the more common etiological agents listed by

Yater (1942 ) that cause vomiting are acute infectious
diseases, espe·cially in children, abdominal emergencies,
cardiac decompensation, uremia, food poisoning and head
imjuries. Acute diarrhea is usually a result of acute
enterocolitis, the dysenterl\es, food poisoning, Asiatic
cholera and sometimes abdominal emergencies. It must be
remembered that sympt.oms developing from these diseases
are due in no small proportion to dehydration and its
accompanying deformity of.the chemical structure of the
remainihg fluids.
The kidney is anmther organ that is frequently in
volved in abnormal fluid and electrolyte loss. There are
three common affections that are usually to blame for this
disturbance. One is diabetes mellitus. Due to the defic-
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ienc! of ,insulin, glucid and lipiod metabolism is
disturbed.

Sugar tends to accumulate in the blood,

the tissues are undernourished, and ketone bodies
are formed as a reault of the accelerated fat oxid
ation.

When the blood sugar level exceeds the renal

threshold, it is excreted in the urine.

Since the

kidney canno concentrate the urine beyond a specific
gravity of 1.030, large quantities of water accqmpany
the sugar.

The excretion of the �etone bodies also

take water with them, but more important they rapidly
dissipate the alkali reserve and cause acidosis
_(Atchley and Benedict, 1930). The end result is de
hydration, starvation, and acidosis.
Diabetes insipidus, which is due to a deficiency
in the secretion of the· posterior pituitary, causes
the loss of large quantities of water.

Richter (1934)

states that the urine in these cases is of very low
specific gravity.

Therefore, there is no salt loss and

no disturbance of fluid chemistry.

It is believed that

the posterior pituitary hormone controls the level
of body water.

When the level is low the pituitary

secretes an antidiuretic substance and causes the
kidney to conserve water.

The reverse is true if large

quantities of water are ingested, or if the pituitary
is damaged.
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Nephritis also disturbs kidney function.

Atchley

and Benedict (1930) state that this disease causes the
kidney to lose excess sodium chloride and to retain

abnormal amounts of sulphate ard phosphate.
tubules are unable to make ammonia.

The

"The end result ls

acidosis and dehydration.
If for any reason the cortex of the adrenal glands
1s destroyed, an increased urine volume, increased
loss of sodium in the urine, and an elevated blood

potassium and non p_rotein nltro_gen occurs (Loeb, 1932).

Hemoconcentration and a 10.ss of sodium chloride result.
Another important and not infrequent cause of
fluldrdepletion is hemorrhage.

B�st·ana. Taylor (1939)

state that the loss of circulating blood volume result
ant upon a sudden hemorrhage of 500 cc will be replaced
by interstitial fluids within a few hours.

These

authors emphasize the fact that thirst is a prominent
symptom of hemorrhage and 1s indication
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a reduced

fluid reserve.
Unlike the loss 9f other fluids, the loss of blood
is accompanied with a depletion of plasma protein.
This material is slow in being replaced, so the tendency
for fluid to filter from the blood to the intestitial
spaces is enhanced (Erlanger, 1921).

Any other disease

process on deficient nutrition that causes a reduction
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of plasma protein wi·ll result in the same type of
reactir-n.
It has been stated that insensible loss of fluid
in the oontrol of temperature a.mounts to about 500 cc
daily and does not result in ap,reciable loss of sodium
chloride (Shohl, 1939).

Flack and Hill {1919) find that

water loss from skin and lunst3may exceed 10 liters a
_
day in extreme conditions. Rowntree (1922) found
that a lhot bath may increase sweating 80 times.

He

also states that sweating begins at a skin temperature
of 30 to 37° c and that each degree rise in temperature
causes the added loss of- 38 grams of water.

Each

degree rise in temperature also causes a 13 per cent
increase in the basal metabolic rate.

Reserve stores

of food and water are therefore jeopardized.
Intoxication of the cell colloidal system is

another factor in dehydration.

Ott (1915) has found the

blood volume to be reduced at the onset of high fevers.
Later the volume tends to be above normal as a result
of a shift of water from the tiss�es into the blood
stream.

When the temperature falls, large quantities

of water and chlorides are lost by diuresis and sweating.
It is believed that the toxic factors operative in the
disease process "poison" cell structures and cause
this temporary water retention.

Mandelbaum (1936)
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says this condition is as a result of redistribution
and i;nmobilization.
same category.

He also includes burns in this

The local pathology of burns to cutaneous areas
consists of edema, capillary dilitatibn, polymorpho
nuclear leukocytic infiltration, and varying degrees
of coagulation necrosis and exudation.

This edema

and exudation is derived from a damaged vascular sJstem.
Penick (1933) believes 70 per cent of the total blood
�olume can be immobilized in a burned area within 24
hours.

Underhill and associates (1923) find-that the

destroyed tissue liberates a toxic substance that

paralyzes capillaries and greatly increases their
permeability.
histamine.

This substance is closely related to

Burns therefore can cause generalized

systemic mnjury with resultant loss of plasma protein
and finally circulatory failure.
Dragstedt (_1928) found a similar histamine-like

substance to be produced in intestinal obstruction.

It is absorbed into the gut wall and causes generalized
capillary damage with resultant ·hemoconcentrat1on.
This material is a gastrointestinal secretogogue, �o

causes the accumulation of large quantities of fluid

in the obstructed gut.
Mandelbaum (1936} states that the decarboxylation
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of the amino acid histidine produces histamine.

This

substance has been found by Dale (1927) to cause re
laxation of smooth muscle and paralysis of capillaries
with subsequent vasodilatition and shock.

He found

a similar substance to be produced in the catabolism
of any devitalized tissue. , Loos (1935) found a considerable increase in concentration of this substance
1p foci of infection.

The syndrome of hemoconcentration

is, then, produced in secondary shock in essentially
the same mapner as in true dehydration except that in
the former the fluid is immobilized in the interstitial
spaces and large .capillary beds instead of being lost
from the body.
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CUNICAL SYNDROME
The clinical syndrome found in dehydration is
not produced until the interstitial fluid reserve is
largely depleted.

According to Smith ( 1942) .ttt.e

earliest symptom is thirst. Mandelbaum (1936) says

that wea knees and depression are also early subjective

symptoms.

Later the tongue, mouth and throat become

dry.

The nostrils.become dry and blocked,with the
resultant mouth breathing aggrivating the mouth and
throat dryness.

Swallowing becomes difficult and painful,

and sometimes im�ossible.

The eyes become enophthalm1c

and the various mucous membranes dull.

Finally the nose

becomes thin and pointed, the face drawn, the skin
cranotic, dry, hot and harsh, and the lips cyanotic
and dry.

·This picture constitutes the true Hippocratic

facies that are so characteristic of the syndrome of
hemoconcentration irrespective of the cause.

The

iemperature·1s elevated somewhat and may be very high
terminally.

Respiration becomes rapid and shallow and

may become Cheyne-Stokes in type.

The pulse becomes

rapid and small and the blood pressure falls.

In

severe cases renal failure develops and, if any uri'ne
ls formed it usually contains casts and erythrocyt�s.
Terminally the patient • becomes apathetic and comatose
I
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(Smith, 1942).

Mandelbaum (1936) states that anorexia,

nausea, vomiting ..and diarrhea may occur.

He also

mentions nervous manifestations such as muscle twitch
ings, convulsions, delerium and coma accompany severe
dehydration.
or low.

Sometimes the temperature is normal

The severity of the signs and symptoms are

proportional to the degree of hemoconcentration.

44

PATHOLOGY AND ALTERED PHYSIOLOGY
The pathological aspects of dehydration on hemo
concentration are quite extensive and character�stic.
It includes pathological physiology ·as well as alter
ations in the tissues visible upon microscopic exam
ination.

Marriott (1923) describes the first blood change

in dehydration as a hemoconcentration.

There is an

elevated erythrocyte count, elevated plasma protein
and blood sugar, and excessive amounts of lactic acid.
The alkali reserve may be decreased or increased, de
pending on whether there is a relative excess or de
ficit of sodium.

When this change is extreme, changes

in reaction occur.

Mandelbaum (1936) sum�arizes the bloo4 findings

in the syndrome of hemoconcentration as follows:
A. Concentratiom
1. Hemitf>e:t-it index elevated, increased packed
volume of erythroc);tes, increased ecythrocyte
count, increased per cantage of hemoglobin
2. increased specific gravity and viscosity
B. Blood Chemistry
1. decrease in sodium and chlorine
2. increase in non-protein nitrogen
3. disturbed acid-base equilibrium
Changes in the circulatory system account for

most of the detrimental effects of dehydration.

Marriott

(1923) points out that anhydremia occurs suhsequent

to depletion of interstitial fluids.

The decreased
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blood voluµie lowers the blood pressure and reflex
arteriolar constriction attempts to elevate it.

Keith

(1923) found this mechanism along with an increased
blood viscosity to maintain blood pressure surprisingly

well.

However, Marriott (1923) noted that the arterio-'

loconstriction tended to cause· capillary stagnation.

The erythmocyte count in many cases was twenty five

per cent higher in the cpillaries than in the vei�s.

A diminished volume flew was also a constant finding,
so�etimes being depressed as much as 95 per cent in
the extremtties.

observations.

Moon (1935) substantiates these

He noted that the peripheral and

subcutaneous veins were collapsed and relatively
bloodless, and the viscera congested.

These changes

l'llarkedly decrease the venous return and therefore

further aggrivate the already decreased volume flow
of blood.

Mc CUlloch (1920) noted some electrocard1ograph1c

changes in the heart in the course of severe arhydremta;.

There was a low amplitude of all waves.-

Moon (1933) ascribes the shock syndrome as being
due to a disparity between the volume of blood and the
volume capacity of the vascular system •. This condition
can be created by a reduction in blood volume as in

dehydration, by an increase in the vascular capacity
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or by combination of the two.

Dehydration with the

accompanying anhydremia, then, creates a state of shock
with its associated circulatory failure.

Tissue anox1a

is the end result.
Landis (1924) demonstrated the fact that capillary
endothelium is very _sensitive to changes in oxygen
tension and a wide variety of noxae (chemical poisons,
anesthetics, venoms, bactertal toxins, and protein
cleavage products).

These substances cause the capill,a.ry

wall to lose its tonus and become more permeable.

He

aoplied pressure on an artery for 3 minutes and found
the resulting anoxia to incre8se the permeability of
nearby capillaries fourfold.
Krog (1929) gives these �bservations real signi
ficance.

He stresses the fact that normally only a

very small proportion of the capillaries of a given
tisue are being used at any_one time.

His experiments

showed that the total capillary capacity of skeletal
muscle alone exceeds the normal blood volume.

The

capillary bed of the respiratory system and gastro
intestinal tract have similar capacities.

No more

explanati�ns need be presented to support the etiology
of shock in dehydration.
This process does not end with vary1ng·degrees of
circ�latory failure.

The increased capillary permea-
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_bility insists on contributing to the final picture.
Moon (1939) lists the effects incurred upon damaging
. capillary endothelium as being capillary dilitation
with increased permeability, stasis of blood, tissue
anoxia, edema, effusions and hemoconcentration.

·When

this process occurs locally, only local hemoconcentratio�
and edema occur.

If the process is general, circulatory

failure results.
1he physiological effects of this process is initially
arteriolar vasocanstriction.

In case this reaction

maintains an adequate circu�ation the process stops
here.

If not, tissue anoxia develops, and further

capillary damage occurs.

This aggrivates the already

decreased circulatory volume and a vicious cycle is
est�blished that will rapidly terminate in death.
There are rather constant and characteristic tissue
changes found at autopsy in cases dying of the effects
of hemoconcentration.

Moon (1935) pre-sents these

findings in a brief and complete manner.
The subcutaneous and peripheral veins a�e collapsed
and relatively bloodless.

The viscena are congested

and are purplish d>n diffusely cyanotic in color.

This

is especially true of the lungs, liver and gastro
intestinal tract.

Venules of the visceral peritoneum

are enlarged and distended, being most conspicuous
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at the mesenteric attachments.

Blo�d flows freely from

cut surfaces.
The spleen is contracted and bloodless, although
in some cases it may be enlarged.

There are varying

quantities of thin, blood-tinged fluid in the serous
cavities.

The respiratory and gastrointestinal mucosa

is swollen and red velvet in c�lor.

Numerous petechial

'1emorrhages occur in the lungs, pleural and pericardial
surfaces, gastrointestinal mucosa, meninges and some
ti es in th� gall bladder and urinary bladder.
The stomach and bowel usually contains a fluid
with a rather high protein content.

"Coffee ground"

flocculi giving a hemoglobin test a;:>pear in the stomach.
/icroscopic examination reveals marked engorge
ment of capillaries and venules 2f the various organs.
Tissue edema and petechial hemorfhage is conspicious.
The adrenal glands :Re affected just like other organs.
The effect of anhydremia on metabolism is not very
spectacular.

Straub (1899) found no increase in the

total metabolism in dogs.

Meyers (191�) noted that a

negat�ve nitrogen balance existed.

This is due to

the destruction of body protein, largely as a result
of starvation.

There 1s also a negative mineral and

salt balance.
Marriott (1923) observed that anhydremia caused
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poor absorption from the gastrointestinal tract, esp

ecially' involving protein and fat.

Vomiting and diarrhea

aften follow in the wake of this condition.

Moon (1935) remared about the frequency with which
pnelllilonia accompanies the syndrome of hemoconcentration.
It is usually the terminal event, and is due to a
decreased resis·t ance to infectio�.

He explained the

lowered resistance as being due to tissue edema and
congestion.
Nuttal (1888) found human serum to have bact
ericidal properties.

Bardeen (1a99) discovered that the

bactericidal action of serum was inversely proportional
to its v�scosity.

F leming (1926) observe� that the

concentration of sodium chloride was very important in this
respect.

A decrease of only 0.01

per cent caused a measurable decrease in the bact
ericidal action of plasma.

These factors undoubtedly

partly explain the increase� susceptibility of de
hyqrated patients to infection.
There is a large quantity of wat;er stored in the cells
that would be of use in combating anhyrlremia. However, as
long as the osmotic press�re of the extracellular fluid
remains normal it is not available.
When the blood osmotic.pressure is increased as in
anhydremia, there is a differential rorce tending to
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pull water from the cells.

Collis --'(1935) states that

no such proeess occurs until water equivalent to one
and one half per cent of the total body weight is
dissipated.

Then water accompanied by potassium leaves

the cells • . The potassium is immediately excreted in
•

the urine and is replaced by sodium.

Therefore, an

increase in urinary potassium and phosphates means
cellular damage.

This process is accompanied by an

increased urinary nitrogen, which probably indicates
the presence of a negative nitrogen balance as a result
of malnutrition.
Renal function is another matter of concern in
dehydration.

Collar and associates 11936) believe

that most cases of oliguria one usually explained as
a reflex on tonic suppression of kidney function.
In the estimation of these inves�igators a low water
balance is
.
' commonly responsible.
Lashmet and Newburgh (1932) point to the fact that
the kidney requires a minimum amount of w�ter f�r the

excretion of ea.ch gram of solid waste. ,If insufficient

.water is available, retention of urina�y products occur.
Retention ordinarily begins when the amount of fluid
representing 6 per cent of the body weight has been
lost and progresses .pro)ortional to the degree of hemo·concentration.

Anuria may develop in severe cases.
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Clinically, the process can be followed by a study of
the following:
1.
2.
3.
4.

degree of hemoconcentration
decrease in urinary volume
elevation of blood non-protein nitrogen
kidney damage
a. proteinuria
.b. erythro�ytes and casts in the urine

The heat regulatory mechanism is closely associated
with body hydration as has been prev1 usly explained •
One would then expect a disturbance in water metabolism
Peteri (1917) considers fever

to affect heat control.

in infectious diseases to be caused by an associated
dehydration.
Krehl and Matthes (1896) considered fever to be
a result of an insufficient evaporation of water from
the body surface to maintain a normal temperature.
They thought the water lack ws caused by a deficient
intake and also due to the immobilization of water by
the· tissues.

Sutton ( 1908) found that arry factor

preventing the evaooration of water would cause an
elevation in temperature.

Finkelstein (1908) proved

experimentally thattaehydration causes an elevation in
temp�rature.

He fed infant_s hypertonic glucose solutions,

and then aborted the fever by administering water or
tea.

.

\

Balchor and associate{! (1919 ) rather aptly summar
ize this topic.

They found that toxins liberated in
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infecti�us diseases, etc. poisoned the colloidal systems
of cells and made them more hYdrophylic. Interstitial
fluid reserves were thaniimmobilized partially or comple
tely. There was no change in total body water, but the
redistribution caused varying degrees of aruiydremia

and associated phenonena.

Then the body temperature

increased because surface evaporation was decreased.
Since an elev�ted temperature causes an increased
metabolic rate, mere heat is produced and there ls a
further strain placed on the fluid reserves.

cycle is thus created.

A vicious

If sufficient fluids are given to satisfy the
increased hydrophilic properties of the tissues and

enough is left over to form a fluid reserve, it will

evaporate at 37° c and dissipate the temperature in a
few hours.

This method has proved useful in pneumonia

and diphtheria· patients.

It also emphasizes the im

portance of adequate hydration in the prophylaxis of

hyperpyrexia.

.

•
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DIAGNOSIS
The diagnosis of dehydration can be divided into
clinical and laboratory procedures.

According to Gray

(1938) there are no marked clinical symptoms until
approximately 6 per cent of the body weight has been
lost.

In early stages of dehydration the only clinical

symptoms of significance are weakness, depression and
thirst. {•Mandelbaum, 1936).
of dehydration as follows:
1.

2.

Re has 11 sted the symptoms

Clinical picture
a. subjective
thirst, muscle weakness, depression,
dryness of the mouth
b. objective
early prostration, dyspn�a, cyanosis
of lips and finger tips, rapid pulse,
low blood pressure, small pulse,
irritability, restlessness, muscle
cramps, twitchings, del�rium,
convulsi�ns and finally coma.

Hemic picture
a. increased concentration
(1) hematocrit index, erythrocyte count
and hemoglobin content elevated
(2) increase in specific gravity and
viscosity
b. blood chemis�ry
(1). reduction of sodium and chJ:oride
concentration
(2) elevated non-protein nitrogen
(3) disturbed acid base equilibrium

Coller, Dick and Maddock (1936) stress the fact
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that oliguria and even anuria is- frequently a result
of depleted fluid reserves.
Moon (1940) describes the classic Hippocratic
faices �hat accompanies dehydration.

Darrow (1940)

mentions the fact that the skin turgor is decreased.
The skin no longer has an elastic quality.

It feels

doughy and will not rapidly regain its normal shape
when stretched.

Smith (1942) believes that mild dehydration is
not uncommon in healthy people.

He considers vague

symptoms of tiredness, irritability and constipation

to be the result of a chronic insufficient rauid
intake.
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THERAPY
A fundamental consideration in the treatment of
dehydration is the element of time.

It has been em

phasized in this paper that when fluid loss progresses
to a certain stage then develops a disparity between
blood volume and vas.cular capacity.
culatory failure is the result.

Peripheral cir

Capillaries are

damaged by anoxia and allow plasma protein to enter
the tissue spaces.

There is no way for this protein

to leave the tissue spaces except by way of the
lymphatics.

This route is ordinarily a very slow one

as a result of little or no muscle activity to
accelerate lymph flow.

The protein then remains in

the interstitial spaces.

It tends to prevent the

capillaries from reabsorbing interstitial fluid.

The

already depleted blood volume is thus farther reduced •
. When this process reaches a certain stage, no amount
of fluids or plasma will correct the situation.
There are several factors to be considered in the
treatment of dehydration.

Darrow (1940) lists th�m

as follows:
1.
2.

restore electrolytes along with enough water
to permit the kidneys to excrete wastes and
re-establish the extracellular concentration
and volume
adjust the acid-base equilibrium in some cases
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3.
4.

treat shock
manage nutrition so that destroyed tissue·
can be replaced as soon as possible.

In order to meet the first requirement as listed

by Darrow (1940), an estimate must be made of the
amount of water and electrolyte to be used.

Helwig

and asso_ciates (1935) state that fluids must not be
used indeseriminately or edema and death will fre�uently
result.

Coller and Maddock (1933) use the following

nrocedure in calculating the �roper daily fluid volume:
1.
2.
3-

4.

water for urine
insensible water loss
double in case of hot days,
fever, thyrotoxicosis, etc.
abnormal losses
fistula, vomiting, diarrhea,
burns, etc.
water of restoration
if clinical signs of dehydration
are present, add fluid equal to
6 % of the normal body weight
in first 48 hours
Total fluid requirement

1500 cc
1000 cc

2500 cc

Coller and Maddock (1940) point to.the fact that food,
whether it be ingested material or metabolized body sub
stance, produces water from two sources.

This amounts

to about 1200 cc for a normal hospital diet.

Therefore

those patients who can eat a normal diet need be supplied
with that much less water by other means.
These same authors have devised a means by which
the salt requirement of dehydrated patients can be
accura.tely calculated.

The procedure is as follows:
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For each 100 mg. that the plasma chloride is below the
normal (560 Mg. per cent), 0.5 grams,:of solium
chloride per kilogram of normal body weight is given
as normal saline.

Any fluid given in excess of this

should be 5 per cent glucose in distilled water.

Hartman (1938) points out that saline solution

alone d oes not always correct the electrolyte balance.
In case of marked acidosis the saline further dilutes
the already deficient bicarbonate and the relative
excess of chloride will not be excreded beacuse of
i�paired renal function.

He advises the use of

lactate Ringer's solution.

This fluid will partially

correct the acidosis without relying upon kidney
function.

Darrow '(1940) has devised a formula that

is useful in calculating the amount of lactate or
bicarbonate needed,

It is

mM � (60

4

- · 002
· 2.2

o.'7

W

where mM is millimols of base, CO2 is serum carbon
dioxide content in volumes per cent, and·w is body
weight in kilograms.

Gamble (1928) noted that renal function is often

impaired in dehydration as a result of peripheral
circulatory failures.

The kidneys cannot then,

excrete the excess of sodium or chlcride ions in a
saline solution and readjust ionic ·concentrations.
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Normal saline solution is retained in the body for some
time and 1s therefore not readily available to the
kidney.

He suggests that the use of a 5 or 10 per cent

glucose solution would be indicated in such cases.
The glucose makes the blooil temporarily hypertonic.
It is soon metabolized and thu.a su;)plies energy, combats,
ketosis, and saves protein.

The water that remains

is rapidly excreted, so the kidney has water with which
to excrete excess ionic consti�uents in the blood.

The

kidney can then rapidly correct the defects�in the
chemical pattern of body fluids prov1d�d sufficient
sodium chloride is present.

The other important sub

stances are made by the -body.
Minot and Blalock (1940) have made some interesting
studies on the correction of dehydration.

They classify

dehydration as simple or complicated, the ·1atter having
to do with decreased plasma protein.
A reduction of plasma protein can occur because
of malnutrition hemorrhage, capillary. damage or as a
result of the administration of large quantities of
intravenous fluids.

Harvey and Howes (1930) found

this complication to be especially common in.surgical
cases.
In cases s¥,uch as this both fluids and colloids
are given until the plasma protein has been restored,
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The

and the capillaries have repaired themselves.

colloids most frequently used is wh<{e blood or plasma.
Darrow (1940) states that hemoconcentration is no
contraindie.ation gga:tnst the use of wh�Ae blood, but

that in severe cases plasma is the best material.

His dosage is 10 to 30 cc per kilogram b,ody weight.

Hartma� (1937) has outlined an accepted treatment

for dehydration accomp-a.nied by severe acidosis.

It

is as follows:
1.

2.

3.

100 cc of "fortified" lactate Ringer's per
kilogram body weight
a. consists of 60 cc of M/6 sodium r
lactate and 40 cc of �inger's
solution
b. given intravenously, subcutaneously
or intraperitoneally
insulin 2 units per kilogram body weight if
acidosis is due to diabetes
repeat every six hourswith a dose
of 1/2 to 1/10 unit per kilogram
20 cc citrated whole blood per kilogram
pody weight in severe cases.

Regardless of the cau�e of the dehydration, the
therapy consists essentially in the administration of
proper amounts of sodium chloride and water.

The kidney

should be assisted in a�justing the acid-base balance
in severe �ases by making use of bicarbonate or lactate
solutions.

Sometimes !twill be necessary to fortify

the blood colloids.

In case some endocrine gland has

failed to secrete its product, endocrine extracts
should be utilized.
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Micks (1942 ) discusses the various routes by
. which fluids may be administered.
ideal one is the oral route.

Of course the most

In case the swallowing

mechanism is at fault, a Levine tube can be inserted
and the fluid placed directly into the stomach • .
Intramuscular, subcutaneous and intraperitoneal
routes are useful at times, but they are quite slow and
may result in local tissue damage.

Glucose solutions

should never be given subcuteneously in case of
a salt deficit.

The fluid will draw
salt from the
"-

extra�ellular fluid and aggrivate the condition.
The intravenous route is most frequently employed.
rate should be about 500 cc per hour.
can be used.

The

Practoc1ysis

There is slow absorption, so it cannot

be used in emergencies.

The .rate is 60 d�ops a minute.

Hartman (1934) has listed the solutions he
considers useful in the management of dehydration and
the indications for their use.
A.

Ringer's solution
1. use in all types of dehydration, especially
in the loss of gastrointestinal fluids,
diabetic acidosis and nephritis
2. route - subcutaneous, 1ntraper1toneal
or intravenous
3. do�age - 80 to 100 cc per kilogram
normal body weight
4. contents - sodium, potassium, magnesium,
chloride and calcium
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B.

Sodium Lactate
1. use in acidosis when carbon dioxide
combining power is below 25 volumes
per cent
a. rapid alkalinization inde
pendent of kidney• function
b. use in any acidosis except
that due to a congenital
heart lesion.
2. use isotonic solution (M/6)
3. route - subcutaneous or intravenous
4. dose - 10 cc of a molar solution per
kilogram body weight and
•
dilute with 5 volumes of water
- raises CO2 combining power by
25 to 35 volumes per cent
C. Lactate Ringer's
1. relieves either acidosis or alkalosis
of the metabolic type
2. can use in all types of dehydration,
especially when careful blood studies
haven't been made
3. dose - 80 to 100 cc per kilogram.
4. anti-ketogenic, nutritious, restores
fl�id and electrolyte and can be used
in severe alkalasis
D. Sodium Bocarbonate
1. use only in sever acldosis of
congenital hear�disease
2. 0.5 grams per .kilogram body weight
3. danger - rapid alkalosis
. E. Dextrose Solution
1. use in place of salt when electrolyte
requirements have been met
2. promotes renal function
3. dose - 80 to 100 cc of a5 per cent
solution per kilogram body weight
F. Blood
1. use in case of hemorrhage or
hypoproteinemia
2. dose - 20 cc per kilogram body weight
Jameson' (1939) adds three other solutions to the
list.
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A.

B.
C.

Normal Saline
1. supplies water, sodium and chloride
2. dose - 80 to 100 cc ·per kilogram
body weight
3. danger - long use or poor kidney
function causes edema
Hyperton1c Saline Solution
1. 4 grams salt per liter
2. use in case of excessive salt
loss, pneumonia, severe vomiting
Acacia
1. use to support blood colloids
2. dose - 500 to 1000 cc of a 6 per cent
solution in normal saline
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SUMMARY AND CONCWSIONS
1. Water constitutes abou� 70 per cent of the body
by·weight.

Body ,water is contained in three

large compartments, the intracellular, inter
stitial and intravascular spaces.

The water in

each of these compartments contains a chemical
structure that makes possible
certain functions .
•
2. The healthy body controls.with a considerable degree
fo exactness the water and electrolyte•content of
the body, providing an adequate intake of food and
fluid is maintained.
3. Disease very often interferes with adequate intake,
or causes abnormal loss of wat�r and electrolyte.
There is a tendency for the doctor to fail to consider
this problem.

Even though there are many specific

remed·ies now in use, · one of the fundamental aspects
in the management.' ot' �·a patient is the proper control
of water balance.
4. Dehydration interferes with certain body functions.
Among these the control of temp·erature, excr�tion of
solid was�es and the regulation of acid-base balance
are the most 1nt1m§!-tely affected.

Secondary effects

64

such as increased resistance to infection and
the development of shock are of considerable
importance.
5. Dehydration produces a definite clinical picture
that is easily recognized.

Diagnisis is based

both upon clinical and laboratory findings.
6. The management of degydration is ordinarily simple
and effective.

It consists essentially in re

placing by the most efficacious route the def
In some cases the

icient water and electrolyte.

blood colloids must be fortified.

Early treatment

is important, because the process becomes irrever
sible if neglected too long.

"One of the important

advances in modern medicine is the ability to
sup1ly the sick patient with food and water and
other chemicals when their normal ingestion from
the gastroin�estinal tract has been disturbed
(Coller and associates, 1936)'�"
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